Objective and design: Adrenal venous sampling (AVS) is critical to determine the subtype of primary aldosteronism (PA). Central AVS (C-AVS) -that is, the collection of effluents from bilateral adrenal central veins (CV) -sometimes does not allow differentiation between bilateral aldosterone-producing adenomas (APA) and idiopathic hyperaldosteronism. To establish the best treatment course, we have developed segmental AVS (S-AVS); that is, we collect effluents from the tributaries of CV to determine the intra-adrenal sources of aldosterone overproduction. We then evaluated the clinical utility of this novel approach in the diagnosis and treatment of PA. Methods: We performed C-AVS and/or S-AVS in 297 PA patients and assessed the accuracy of diagnosis based on the results of C-AVS (nZ138, 46.5%) and S-AVS (nZ159, 53.5%) by comparison with those of clinicopathological evaluation of resected specimens.
Introduction
Primary aldosteronism (PA) is the most common cause of secondary hypertension worldwide. PA patients have a higher prevalence of cardio-cerebral complications compared to age-matched essential hypertension (1, 2) .
However, PA can be caused by a number of different underlying medical conditions associated with abnormal secretion of aldosterone from the adrenals, including aldosterone-producing adenomas (APA) and idiopathic hyperaldosteronism (IHA); besides, either disease can be unilateral or bilateral. It is important to determine laterality of the disease, because in general, patients with unilateral disease are subjected to laparoscopic unilateral adrenalectomy while those with bilateral disease are managed pharmacologically. Likewise, the differentiation between IHA and APA is important as APA is considered to be surgically curable.
Adrenal venous sampling (AVS) has been established as the only reliable clinical method to differentiate unilateral from bilateral disease in patients with PA (3, 4, 5) . However, despite those advances, clinical differentiation of bilateral APA from bilateral IHA can be very difficult sometimes, even after successful AVS. In addition, AVS protocols vary among centers in the following aspects: the procedure of sampling (simultaneous or sequential bilateral sampling), the mode of stimulation (unstimulated, continuous or bolus infusion of cosyntropin), and the adoption of selectivity index (SI) and lateralization index (LI) (5, 6, 7), thus, cross comparison of the results can prove challenging. Some investigators have reported that the 'contralateral suppression index (CSI)' could be another key finding to identify the lesions responsible for excess secretion of aldosterone (6, 8, 9, 10) . In APA patients with mild-to-moderate secretion of excess aldosterone, especially in those with computed tomography (CT)-undetectable aldosteroneproducing micro-adenoma (micro-APA), some centers have reported to detect laterality of hyperaldosteronism using their own protocols (11, 12) . In addition, despite the technological and methodological advances detailed above, it remains nearly impossible to definitively differentiate bilateral APA from IHA based only on the results obtained through central AVS (C-AVS) (13, 14, 15) . Therefore, segmental AVS (S-AVS) has been proposed to provide more precise information regarding the location of lesions responsible for PA within the gland. S-AVS is a refinement of C-AVS in which samples are taken from the tributaries of the central veins (CV) allowing a finer mapping of the aldosterone production within the gland. According to our own clinical experience described in the current study and prior reports (16, 17) , we consider S-AVS can be expected to contribute to the identification of the intra-adrenal variation of aldosterone secretion in a far more precise fashion. This approach has a number of advantages, for instance, using S-AVS we should be able to extend the indication for adrenal preservation surgery in PA patients based on a preoperative precise mapping of the segments to be resected or preserved. In addition, S-AVS is also expected to be useful in case of multiple adrenocortical nodules -some producing aldosterone and others producing cortisol. However, we must also refer to the disadvantages of this technique, which are principally related to the time, cost, and skills required to accomplish this meticulous procedure. It is necessary to select the subset of patients who could clinically benefit from S-AVS, rather than C-AVS, and we will briefly refer to this aspect in the final section of this report, including its potential role in the refinement of adrenal sparing surgery.
Patients and methods

Enrollment of patients
Patients exhibiting symptoms consistent with a clinical diagnosis of PA were referred to our medical center, which is one of the leading PA units within Japan. The diagnosis of PA was confirmed at our center based on baseline aldosterone and renin activity levels, results of the captopril challenge test, adrenal CT scan findings, and AVS, as reported in our previous study (18) . Briefly, those who demonstrated both a baseline aldosterone-over-renin activity ratio (ARR) and 50 mg captopril-challenged ARR R20 ng/dl per ng/ml per h were confirmed to have PA and subsequently underwent CT and AVS. Low dose (1 mg) and/or high dose (8 mg) dexamethasone suppression tests (DST) were performed to evaluate concomitant autonomous secretion of cortisol using cut-off cortisol values of 3.0 and 1.0 mg/dl respectively. All the participants were registered in our cohort registry of Primary Aldosteronism Sendai Study (PASS), which is the only cohort registry of PA patients in Japan with written informed consent, and the present study was approved by the ethics committee of Tohoku University School of Medicine (#2014-1-758).
C-AVS and S-AVS
C-AVS was performed in all the patients enrolled for the present study. In addition, S-AVS was performed after C-AVS in selected patients in a single session. Both C-AVS and S-AVS were performed by experienced interventional radiologists (K Seiji and K Takase), as reported previously (19) . Briefly, 6.5 French (Fr) catheters were inserted via bilateral common femoral veins up to bilateral adrenal CV. The left catheter tip was positioned distal to the diversion of the left inferior phrenic vein and proximal to the diversion of the lateral tributary of the left adrenal vein. In some cases with a common trunk of the right adrenal vein and an accessory hepatic vein, we confirmed that the catheter tip was actually located in the right adrenal vein and not in the hepatic venous tributaries. In C-AVS, venous samples were obtained from bilateral adrenal CV and the external iliac vein at baseline and 15 min after i.v. bolus injection of 200 mg cosyntropin (adrenocorticotropic hormone (ACTH ). Subsequently, cosyntropin was continuously infused at a rate of 50 mg/h from 30 min after the bolus injection to the end of AVS. Appropriate catheter tip placement was confirmed just before and after sampling by gently injecting a small amount of contrast medium. S-AVS was subsequently performed via insertion of a micro-catheter up to three intra-adrenal first-degree tributary veins on each side. There are usually three major tributary veins in the right adrenal, corresponding to the superior, lateral, and inferior tributaries, and three major tributary veins in the left adrenal, corresponding to the lateral, superior-lateral, and superior-medial tributaries.
Cannulation of a catheter into the CV or tributary veins was decided as successful based on the SI, which was defined as the ratio of adrenal cortisol concentration divided by cortisol concentration in the external iliac vein with a cut-off value R5.0 after cosyntropin stimulation. The laterality of hyperaldosteronism determined by C-AVS was evaluated using the LI, which was defined as a quotient of the aldosterone/cortisol (A/C) ratio obtained from the CV of the dominant gland divided by that of the other side (6) . Localization of the lesion causing hyperaldosteronism was also analyzed based on the LI obtained by S-AVS, which was defined as the A/C ratio of the dominant segment divided by the averaged A/C ratio of non-dominant segments.
As S-AVS is a relatively new technique, there are no current studies examining optimal indexes for deciding subsequent patient management. The current suggestion for cosyntropin-stimulated C-AVS is that a cut-off LI of 2.6 is indicative of unilateral adrenalectomy, as previously reported (4) . Owing to this we adopted a similar cut-off LI for S-AVS at the beginning of this study; with an LI !2.6 defined as the threshold for pharmacological therapy during this study. Therefore, we attempted to determine the actual cut-off LI for S-AVS in this study. The CSI (cutoff value of 1.0), which was defined as a quotient of the adrenal A/C ratio divided by that of the external iliac vein (6) , was employed to evaluate suppression of aldosterone secretion. 
Statistical analysis
Results
Subtype analysis based on C-AVS and S-AVS
A total of 322 consecutive patients from the PASS registry were enrolled in the present study. In a previous report on the radiological aspects of S-AVS (19) , 64 patients were enrolled and these patients were all included in the present study. One patient, excluded from that previous report (19) due to a history of unilateral adrenalectomy for unilateral APA, was also included in this study to evaluate the clinical significance of S-AVS in recurrent unilateral APA. Of the 322 patients originally selected, 297 participants were included. The other 25 participants were excluded because of ineligibility for various reasons: unsuccessful sampling with SI !5.0 (nZ1), concomitant autonomous secretion of cortisol (nZ17), no information as to histopathological findings in the resected adrenal (nZ7). Yet, three patients who were suspected of having recurrent PA after adrenalectomy for unilateral APA were also enrolled.
The eligible 297 patients were tentatively classified into the following two groups depending on the type of sampling: C-AVS (nZ138, 46.5%) and C-AVS followed by S-AVS (nZ159, 53.5%) ( Table 1) . Within the C-AVS group, patients were further sub-classified based on LI and subsequent medical management. Patients with a LI R2.6 (nZ44, 31.9%, LI meanGS.E.M.Z10.4G1.69, range 2.68-55.6) and unilateral disease underwent adrenalectomy, while the others with a LI !2.6 (nZ94, 68.1%, LI 1.34G0.032, range 1.01-2.24) were diagnosed with bilateral PA and underwent specific pharmacological treatment including mineralocorticoid receptor antagonists (MRA) (nZ94, 68.1%).
The patients who underwent S-AVS were similarly divided into the adrenalectomy (nZ100, 62.9%, LI 17.0G 1.49, range 3.07-81.9) and medical management (nZ59, 37.2%, LI 1.53G0.054, range 1.03-2.56) groups on the basis of their LI. Patient grouping by this detailed mapping technique is exemplified by the five cases described in the following section, but the overall details of the cohort will be given here. Of the 59 patients assigned to a specific pharmacological regimen, 58 had bilateral PA with a LI !2.6, and the remaining patient, who had undergone left adrenalectomy for ipsilateral APA, had elevated aldosterone levels at every sampling point within the remaining right adrenal gland without suppressed aldosterone secretion, indicating no room for partial resection of the gland. Within the medical management subgroup, 23 (14.5%) out of the 58 patients with bilateral diseases corresponded to IHA with non-functioning tumors (as shown in case 3 in the following section), and the other 35 patients (22.0%) had IHA without adrenal nodules. Within the patients allocated to the adrenalectomy group (LI R2.6), the following clinical subgroups were found; 91 patients (57.2%) had unilateral APA (case 1 in the following case series section is a typical case), three patients (1.9%) showed an elevated value of A/C ratio only at the tumor segment of the gland in contrast to suppressed secretion at the other sampling points by S-AVS (exemplified by case 2), four patients (2.5%) were diagnosed bilateral CT-detectable APA (corresponding to representative case 4), and two patients (1.3%) were diagnosed recurrent APA in the remaining gland after the first adrenalectomy for the contralateral APA (corresponding to representative case 5). This demonstrates that there were two subgroups of patients in whom better outcomes could be achieved on the basis of results from S-AVS: those represented by case 2 (nZ3, 1.9%), who turned out to be potential candidates for unilateral adrenalectomy based on the findings of S-AVS but not C-AVS, and those represented by cases 4 and 5 (nZ4 plus 2, 3.8%), who underwent adrenal sparing surgery because of S-AVS findings. Therefore, 5.7% (nZ9) of the patients who underwent S-AVS benefitted from this sampling technique.
In evaluating the differences between LI of S-AVS and that of C-AVS, we found no significant differences in values in the pharmacological or adrenalectomy groups. When examining the LI values obtained through S-AVS, the minimum value of LI in the adrenalectomy group and the maximum value of LI in the pharmacological group were 3.07 and 2.56 respectively. Furthermore, the meanC 2 S.D. in the pharmacological group was 1.53C0.82Z2.35 as shown in Table 1 . Therefore, these findings can suggest that the cut-off of LI in S-AVS should be 2.6-3.0. C-AVS, central adrenal venous sampling; S-AVS, segmental adrenal venous sampling; ARR, aldosterone-over-renin activity ratio; DST, dexamethasone suppression test; uni, unilateral; bi, bilateral; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; eGFR, estimated glomerular filtration rate. a Denotes statistical significance in comparison between pharmacological and adrenalectomy subgroups in C-AVS group. b Denotes statistical significance in comparison between pharmacological and adrenalectomy subgroups in S-AVS group.
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When the C-AVS and S-AVS subgroups within the adrenalectomy and pharmacologically treated patients were examined, there were no significant differences in multiple clinical factors (baseline aldosterone, renin activity, ARR, and captopril-challenged ARR levels, number of anti-hypertensive agents, serum levels of potassium and chloride). In contrast, comparison between pharmacological and adrenalectomy group as a whole showed significant differences in multiple clinical parameters including elevated levels of baseline aldosterone, ARR, captopril-challenged ARR, number of anti-hypertensive agents, and amount of potassium replacement, regardless of the type of sampling. Also, there were significantly lower levels of serum potassium and chloride in the adrenalectomy group. The exception to this was that baseline renin activity levels did not differ significantly between the adrenalectomy and pharmacological management groups. Finally, there were no significant differences among the subgroups regarding diameter of adrenal nodules, systolic and diastolic blood pressures, and heart rate. Seven days after the surgery, significantly lower levels of aldosterone were detected in the adrenalectomy subgroups (C-AVS: 7.67G0.506 ng/dl and S-AVS: 7.30G 0.319 ng/dl) compared to values before the surgery, as well as significantly lower levels of blood pressures (systolic and diastolic), heart rate, number of pharmacological agents, and dosage of potassium replacement (Table 2) . Comparison between the adrenalectomy C-AVS and S-AVS subgroups showed no significant differences in the following parameters: postoperative levels of aldosterone, renin activity, blood pressure, number of anti-hypertensive agents, estimated glomerular filtration rate, serum electrolytes, and requirement of potassium replacement. Similarly, in those with specific pharmacological treatment including MRA, significant differences were detected at the latest follow-up evaluations when compared to baseline: blood pressure (both systolic and diastolic), heart rate, number of medications, serum potassium level, and amount of potassium replacement ( Table 2) .
Comparison of complications and costs
In terms of complications and costs, we found minor extravasation in 20 (12.6%) out of 159 patients during S-AVS, in contrast to only 5 (3.6%) out of 138 in the C-AVS group. During S-AVS, extravasation was detected when a very small amount of contrast medium was injected into a tributary vein via a micro-catheter to confirm the sampling point. All of these adverse events, which happened during both S-AVS and C-AVS, resolved spontaneously without requirement for additional management such as embolization.
In terms of costs, S-AVS is significantly more expensive than C-AVS. In our center, two catheters for bilateral sampling and a ready-made angiography kit including sheath introducers and a guidewire with 60 ml of iodine contrast medium were employed for C-AVS, at a cost of w$160 US (19 000 yen). In addition to these, C-AVS, central adrenal venous sampling; S-AVS, segmental adrenal venous sampling; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; eGFR, estimated glomerular filtration rate; NA, not applicable. a Denotes statistical significance in comparison between before and after adrenalectomy in adrenalectomy subgroup of C-AVS or S-AVS group. b Denotes statistical significance in comparison between before and after specific medication in pharmacological subgroup of C-AVS or S-AVS group.
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a micro-catheter, a micro-guidewire and 40 ml of iodine contrast medium were required for S-AVS resulting in an approximate cost of $690 US (82 000 yen). These figures only take into account the equipment needed for the procedure and do not include additional costs associated with prolonged labor time of highly skilled professional angiographers and the costs of the additional number of hormone assays to measure the concentration of aldosterone in samples obtained from each tributary vein.
Case series
As mentioned above we have chosen five representative cases that exemplify the potential clinical implications and benefits of the use of S-AVS to determine the cause of PA. Table 4 . The SI was more than 5.0 at every sampling point in the CV and tributary veins. Based on C-AVS findings, LI was calculated to be 1.4 (2.13/1.47; !2.6), which was suggestive of bilateral disease. Each number (1) (2) (3) (4) (5) (6) in the venography corresponds to that of the sampling point in Table 3 . Of particular interest, the values of CSI were !1.0 bilaterally; right-over-peripheral CSI was 0.46 (1.47/3.18) and left-over-peripheral CSI was 0.67 (2.13/3.18). These findings showed that C-AVS findings were not sufficient to identify possible lesions within each adrenal gland and the lack of clarity in C-AVS was one of the prime reasons to perform S-AVS in this patient. Sampling from a tributary proximal to the tumor (sampling point 6) was the only point that showed a higher A/C ratio (33.49) compared to the external iliac vein (3.18) . A/C ratios obtained by sampling from bilateral non-tumor segments (sampling points 2, 3, and 5) were found to be less than the A/C ratio in the external iliac vein, indicating suppressed secretion of aldosterone from these non-tumor segments. All the CSI values obtained from bilateral CV and tributary veins were !1.0 (0.24-0.67), with the possible exception of that from the tumor segment. On the basis of the fine lesions mapped by S-AVS, we hypothesized that the blood flow from non-tumor segments, especially those in a distal location, may dilute the overall aldosterone concentrations measured by C-AVS, thus minimizing its diagnostic ability in this case. Based on the above S-AVS findings, the present patient underwent total left adrenalectomy and was finally diagnosed APA distal to the central venous network of the adrenal. This case exemplifies that in cases in which C-AVS fails to provide sufficient evidence of APA to determine the diagnosis of unilateral disease and subsequent surgical management, S-AVS can provide the required additional diagnostic information. This may be especially relevant in cases in which other diagnostic information, such as elevated peripheral concentrations of aldosterone and presence of adrenal tumors on CT images, is strongly suggestive of APA.
Case 3: IHA in a patient harboring a clinically nonfunctioning tumor " This patient was a 63-year-old man bearing a non-functioning adenoma (NFA) and who was finally diagnosed IHA. Figure 3 illustrates adrenal venography during S-AVS (A, right; B, left) and coronal CT image of the right adrenal gland (C). A right adrenal tumor was depicted by CT (C, arrowheads) and venography (A, dotted circle). Both C-AVS and S-AVS findings are summarized in Table 5 . All the SI values were more than 5.0 at every sampling point in CV and tributary veins. Based on those C-AVS findings, LI was calculated to be 1.34 (3.21/2.39; !2.6) and CSI was also more than 1.0 (right, 2.77; left, 2.06), indicating bilateral disease requiring pharmacological treatment. To investigate whether the right adrenal tumor represented APA or not, S-AVS was performed. Within the right adrenal, the A/C ratios obtained from both tumor and non-tumor segments to that of the sampling point in Table 4 . (1-6) in the venography corresponds to that of the sampling point in Table 5 . 
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We then partially resected the right adrenal to spare non-tumor segments and performed total left adrenalectomy in a single session. After the sparing surgery, baseline plasma and urinary aldosterone levels decreased to 5.9 ng/dl and 0.8 mg/day respectively (Table 7 ; case 4-1). His blood pressure also decreased below 140/90 mmHg with a smaller number of anti-hypertensive agents than before the surgery. Glucocorticoid replacement was provided immediately after the surgery and tapered gradually until postoperative day 30 without episodes of adrenal insufficiency during the replacement period. At the last follow-up examination, 403 days after the surgery, the baseline aldosterone and renin activity levels were 2.5 ng/dl and 0.5 ng/ml per h, respectively, and baseline ACTH and cortisol levels were 93.6 pg/ml and 14.4 mg/dl respectively (Table 7 ; case 4-1).
This case shows clearly the utility of S-AVS in the diagnosis of bilateral APA. A further benefit of this approach in these patients is that, combined with accurate localization of bilateral adrenal tumors by CT, S-AVS can be utilized in the design of adrenal sparing surgery by indicating segments to be resected or spared; thus, by sparing some adrenal tissue, a better postoperative outcome can be achieved in terms of subsequent medical management.
This subcategory deserves further mention as there were three more patients in whom S-AVS facilitated the diagnosis of bilateral APA and the decision of adrenal sparing surgery. Among these three patients, one successfully underwent surgery without any need for subsequent glucocorticoid replacement due to careful planning prior to surgery allowing for preservation of non-tumor segments. Such clinical success was achieved in two additional cases (4-2 and 4-3) whose clinical courses are detailed in Table 7 . Similar to case 4-1, PA was considered to be remitted in both patients based on the latest baseline aldosterone level of 9.6 ng/dl and renin activity of 1.4 ng/ml per h in case 4-2, and 8.4 ng/dl and 2.6 ng/ml per h, respectively, in case 4-3. In addition, baseline ACTH and cortisol levels were 60.3 pg/ml and 9.2 mg/dl, respectively, in case 4-2 and 70.1 pg/ml and 10.9 mg/dl, respectively, in case 4-3, after uneventful cessation of hormone replacement at postoperative days 146 (case 4-2) and 438 (case 4-3).
Case 5: recurrent APA within the remaining single adrenal gland " This case corresponded to a 56-year-old man who eventually experienced recurrent APA 22 years after the first adrenalectomy for right APA at another hospital. Figure 5 shows adrenal venography performed to corresponds to that of the sampling point in Table 6 . carry out S-AVS (A) and coronal CT image (B) of the left adrenal gland. A nodule was detected by CT (B, arrowheads) in the lateral segment of the left adrenal gland (A, dotted circle). Both C-AVS and S-AVS findings are summarized in Table 8 . All the SI values were more than 5.0 at every sampling point in CV and tributary veins. As in case 1, S-AVS revealed excessive and suppressed secretion of aldosterone in the remaining left gland, showing A/C ratios of 23.4 at tumor segments (O5.32, the A/C ratio at external iliac vein; mean A/C ratio obtained from the two tumor segments, corresponding to sampling points 2 and 3) and 0.62 at non-tumor segment (!5.32, the A/C ratio at external iliac vein) respectively. We considered that these findings could be compatible with the diagnosis of recurrent unilateral CT-detectable APA originated within the remaining left adrenal gland, rather than of unilateral hyperplasia with NFA or CT-undetectable micro-APA with non-functioning macro-adenoma. Based on careful consideration of these clinical indicators combined with the strong desire of the patient for curative surgery, we performed partial adrenalectomy of the left adrenal gland. Following surgery, baseline Table 8 .
Clinical Study F Satoh, R Morimoto and others Segmental AVS in primary aldosteronism 173:4plasma and urinary aldosterone levels decreased to 5.6 ng/dl and 1.2 mg/day 7 days after the surgery (Table 7 ; case 5) suggesting the benefit of this surgical approach. His blood pressure returned to normal shortly after the surgery without medication but gradually elevated during the follow-up period and remains high to date. However, at the last follow-up on postoperative day 1065, his blood pressure was well controlled with azilsartan 20 mg/day because he was diagnosed renoparenchymal hypertension and renal sclerosis, probably due to the long-standing PA caused by right APA and subsequent left APA. He also received glucocorticoid replacement immediately after the second surgery for 129 days without presenting signs and/or symptoms of adrenocortical insufficiency on discontinuation.
Discussion
In the present study, we retrospectively evaluated the diagnostic usefulness of S-AVS by comparing the clinical outcome between those who underwent C-AVS and those who underwent C-AVS followed by S-AVS in a cohort of 297 patients. In addition, through extensive analysis of case histories, we have identified the potential indicators and clinical presentation in which S-AVS could contribute valuable clinical information above and beyond that provided by C-AVS. This latter point is important given the time, risk and expense associated with S-AVS.
In deciding between C-AVS and S-AVS, it is important to examine the strengths, weaknesses, and risks of each approach in choosing the candidates for whom the technique is most likely to provide useful clinical information. C-AVS is already an established, specialized radiological technique and offers vital information in distinguishing unilateral from bilateral PA and, thus, deciding the ideal course of treatment (medical vs surgical). Yet, as seen in case 2 above, diagnosis based on C-AVS may be limited, especially when dealing with aldosterone-producing lesions that are distal to the main venous networks, and S-AVS may prove superior in providing useful clinical information in such cases. In patients with unilateral disease, the current suggested management strategy based on C-AVS is laparoscopic total adrenalectomy of the affected side. This has the advantage of curing PA while retaining normal adrenal function in the contralateral adrenal. In this regard, a second advantage of S-AVS over C-AVS, especially in cases designated as being appropriate for surgical cure of PA via adrenalectomy, is the possibility to localize the tumor within the affected gland and thus perform laparoscopic partial adrenalectomy, which is performed by a novel surgical device with secure hemostat ability designed for resection of the gland. This approach further spares normal adrenal function in unilateral cases and permits surgical cure in bilateral APA cases. It should be noted that partial, as opposed to total, adrenalectomy does carry some inherent risks, and thus, candidates should be carefully screened. We have, therefore, taken this approach only in cases with CT-detectable bilateral APA and in those with recurrent APA with a past history of total adrenalectomy. Although the number of these patients proved to be quite small within the larger population of PA cases, the overall benefits in terms of outcomes and quality of life confirm the importance of this technique in this subset.
There are some limitations to our study. First, the selected cohort may have led us to underestimate the true utility of S-AVS in a wider pool of PA patients. Second, the measurement and interpretation of steroid levels in both sampling approaches may have been biased. Immunoassays have inherent limitations; thus, in light of the endogenous differences in the laterality of cortisol secretion, the use of cortisol in the denominator of the SI and LI could have prevented accurate subtyping of PA, as previously reported (20, 21) . Because the common denominator of both SI and LI determined by C-AVS is cortisol level, the endogenous difference in laterality of cortisol secretion could lead to misinterpretation of S-AVS findings and affect subsequent sub-typing of PA determined by SI and LI, as reported in previous studies (20, 21) . Therefore, only the absolute concentrations of aldosterone and cortisol obtained by S-AVS could enable us to evaluate the precise intra-adrenal steroidogenic distribution, i.e., which tumor or intra-adrenal segment is responsible for hyperaldosteronism or autonomous cortisol production. The future development and improvement of S-AVS may involve some of the following changes. As mentioned above, immunoassays could result in clinically substantial errors in measurement, especially at high concentrations as detected in adrenal effluents, and the clinical usefulness of a novel assay using mass spectrometry has been proposed for such cases (22, 23) . In previous studies including ours (24, 25, 26, 27) , some PA patients were found to present autonomous adrenal cortisol overproduction. It has been also proposed that in PA associated with autonomous adrenal cortisol overproduction, plasma metanephrine measured in samples from the adrenal veins would provide a good alternative to cortisol measurement for calculating SI and LI (28) .
According to the clinical guideline established by the Endocrine Society (29), a relatively large proportion of hypertensive patients should undergo AVS. However, even standard AVS (or C-AVS) is already, clinically and practically, considered difficult for most angiographers and this indeed limits the widespread use of AVS for the diagnosis of PA subtypes. S-AVS is even more difficult and cumbersome, and therefore, application of S-AVS is expected to be limited to very few centers with highly experienced and dedicated radiologists. A further limitation to the widespread adoption of S-AVS is that both estimated costs and rate of extravasation during the segmental sampling were clearly higher in our cohort. These factors underline the fact that larger studies are needed to consider patient selection and clinical criteria that justify the adoption of S-AVS in regards to risk, clinical benefit, and cost effectiveness.
In summary, S-AVS might serve to determine intraadrenal variations in terms of aldosterone secretion and extend the surgical indication for treatment to patients with bilateral APA, as reported in the present study. We conclude, therefore, that the candidates for S-AVS should be considered carefully but its application should be extended to referral centers of PA patients in the near future because of its high diagnostic utility in bilateral APA and other disorders.
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